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Introduction
The particle with mass m h ≈ 125.6 GeV discovered at the LHC is so far perfectly compatible with being the Standard Model (SM) Higgs boson [1, 2] . It is nevertheless conceivable that more in-depth studies will reveal its non-standard properties. In particular, the Higgs may have exotic decay channels, that is channels not predicted in the SM or predicted to occur with a negligible branching fraction. Many scenarios beyond the SM predict new Higgs decay channels, especially in the presence of new degrees of freedom with m m h . The existing LHC searches for exotic Higgs decays cover decays to invisible particles [3, 4] , to 4 photons [5] or 4 muons via new [6, 7] intermediate bosons, to electron jets [8] , and to long-lived neutral particles [9, 10] . However many more interesting final states and topologies exist [11] [12] [13] [14] [15] [16] ; see Ref [16] for a comprehensive review.
It should be noted that the current Higgs data can easily accommodate an order 20% branching fraction for exotic decays, and even more if the Higgs production cross section is enhanced, and/or Higgs couplings to the SM matter are modified, see Fig. 1 . Furthermore, the sizable Higgs production cross section at the LHC allows us to probe much smaller branching fractions: down to ∼ 10 −5 currently, and down to ∼ 10 −9 in the future 100 TeV collider, as long as the final state is experimentally clean. All this makes exotic Higgs decays an attractive direction to search for new physics.
One very promising [13, 16] signature for this kind of searches is the so-called golden channel: the 4 final state, = e, µ, with two opposite-sign same-flavor lepton pairs. Thanks to the fully reconstructible kinematics, low background, and small systematic errors it was one of the early Higgs discovery channels despite the small branching fraction. At the same time, order one new physics corrections to the SM rate in this channel can be accommodated at this point. Assuming the Higgs production cross section is unchanged from the SM, the event rates reported in Refs. [17, 18] yield the 95% CL limits on the additional partial decay widths:
For new physics contributing to all sub-channels the limit is
Strictly speaking, the widths in Eq. (1) and Eq. (2) should be weighted by the efficiency to experimental cuts, which may differ in the presence new physics. black curve assumes the Higgs production cross section and relative branching fraction to the SM matter are fixed at the SM values, which leads to the indirect limit Br(h → exotic) 18% at 95% CL. This limit takes into account the uncertainty on the SM prediction of the gluon-fusion production cross-section which we take as 14.7% [19] . Leaving as a free parameter in the fit the gluon fusion production cross section (purple curve), and/or the Higgs branching fraction to b-quarks (blue curve), the limit is relaxed to Br(h → exotic) 30%. If all effective Higgs couplings to the SM are left free then only the model independent bound Br(h → exotic) 80% applies, based on the direct Higgs width measurement in CMS [20] .
Apart from the event rate, the 4 final state offers far more information in the form of the differential distribution in the decay angles and lepton pair invariant masses. In this paper we investigate the possibility of using this information to further constrain exotic decays of the Higgs boson. We employ the matrix element methods originally developed for the purpose of determining the structure of the Higgs couplings to the SM gauge bosons [21] [22] [23] . The starting point for our analysis is an analytic expression for the fully differential h → 4 matrix element, with and without the new physics contribution. Using this matrix element, we construct a likelihood function for a data set containing a number N of 4-lepton events. This likelihood function is then used to estimate the statistical significance for discrimination between the SM and exotic decays hypotheses as a function of N .
We study two simple models that can accommodate sizable exotic branching fractions in the golden channel without violating current experimental constraints. The first one contains a new light gauge boson X coupled to the SM via the hypercharge portal X µν B µν [24] . The kinetic mixing induces the coupling of X to the electromagnetic current, and also the mixing between the Z boson and X. As a result, the Higgs boson can decay as h → XZ when it is kinematically allowed. When both X and Z decay leptonically, this new Higgs decay mode contributes to the 4 final state. Another model we study here contains a new heavy vector-like charged lepton E transforming as (1, 1) −1 under the SM gauge group. After electroweak symmetry breaking E mixes with one of the SM leptons via Yukawa couplings. As a result, one obtains non-diagonal couplings to the Z and Higgs boson of the form Z µĒL γ µ L + h.c. and hĒ R L h + h.c.. These couplings mediate the h → E → Z cascade decay that, for leptonic Z decays, again contributes to the 4-lepton final state.
The paper is organized as follows. In Section 2 we describe our models in more detail. In Section 3 we review the matrix element methods to extract information from the golden channel. Our results regarding the sensitivity of the golden channel to exotic Higgs decays are contained in Section 4.
Models
In this section we study two scenarios where new light degrees of freedom can modify Higgs decays in the golden channel. One has a new light vector field (the hidden photon) kinetically mixing with the SM hypercharge. The other has a new vector-like fermion with quantum numbers of the SM right-handed electron that mixes via a Yukawa coupling with one of the SM charged leptons. We determine the region of the parameter space of these models allowed by precision measurements, and we discuss the limits on the branching fraction for exotic Higgs decays imposed by these constraints.
Hidden Photon
The first model we study has cascade decay h → ZX → 4 mediated by a new neutral vector boson. Consider a massive abelian gauge field X µ interacting with the SM only via the hypercharge portal:
Here θ W is the Weinberg angle, and the non-standard normalization of the X kinetic term is introduced for future convenience. We assume 1 and determine the spectrum and couplings perturbatively in . The mass termm X could be generated via the Stückelberg mechanism, or via an expectation value of a hidden sector Higgs field; in the latter case we will assume the corresponding hidden Higgs boson is heavy enough such that it does not affect the hidden photon decays. We are interested inm X m Z , such that X can have a non-negligible effect on Higgs decays.
To work out the model's phenomenology it is convenient to remove the kinetic mixing by redefining the hypercharge gauge field: B µ → B µ +cos θ Thus, all elements are in place for new contributions to the golden channel via the cascade decay h → ZX → 4 . However, the coupling in Eq. (10) is suppressed not only by but also by m 2 X /m 2 Z . For this reason, the maximum Br(h → ZX) does not exceed 2.5 × 10 −4 , as can be read off from the right panel of Fig. 2 . Currently, such a small branching fraction is not constrained by the observed h → 4 event rate. Even scaling the present sensitivity to 300 fb −1 of data at 14 TeV LHC, the rate information alone does not allow one to explore the parameter space that is not excluded by precision measurements, see the left panel of Fig. 2 . Somewhat stronger limits can be obtained when the input from the dilepton invariant mass distribution is used [16] , but these limits are still weaker than the ones from electroweak precision tests. In Section 4 we will argue that the sensitivity can be further enhanced by using the full information contained in the differential distribution of h → 4 decays. A larger 4-lepton branching fraction can be obtained by modifying the model. One way is to introduce mixing between the SM and the hidden Higgs boson S that subsequently decays as S → XX [30] . Here we consider another simple modification. One can introduce additional couplings between the hidden photon and the SM sector [31] :
whereB µν = µνρσ ∂ ρ B σ . The new terms in ∆L induce new couplings of the Higgs boson to the Z boson and the hidden photon:
In principle, the parameters 2 and 3 are not constrained by precision observables (although | 2 | | | would be fine-tuning). 1 Furthermore, the Higgs couplings in Eq. (12) are not suppressed 1 Note that the CP-odd kinetic mixing termBµνXµν is a total derivative and has no physical consequences.
by m 2 X /m 2 Z , unlike in the vanilla model. For these reasons, this deformation of the hidden photon model allows for a sizable branching fraction for h → XZ decay. In fact, the strongest constraints on 2 and 3 currently come from the h → 4 searches.
We note that for 2,3 = 0 the model also contains the hXγ couplings:
It leads to an additional contribution to the h → 4 decay, with an off-shell photon instead of Z. The size of this contribution strongly depends on the experimental cuts on the final state leptons. 2 We find that for the standard CMS cuts the photon mediated contribution affects the new physics corrections to the 4 event rate by an O(1) factor. Another consequence of the couplings in Eq. (13) is the presence of h → Xγ decays with an off-shell photon. The branching fraction is larger than that for h → XZ decays because the hXγ coupling is larger by tan −1 θ W , and because there is less phase space suppression. For example, for 2 = 0.02 or 3 = 0.02 one finds Br(h → Xγ) ≈ 10 %. Therefore this version of the hidden photon model can also be probed in the h → + − γ final state. We postpone to a future publication quantitative studies of the sensitivity of the h → + − γ channel to exotic Higgs decays.
Vector-like Lepton
The other scenario we study in this paper is the one where Higgs decays can proceed as h → El → Z + − → 4 , mediated by a new charged lepton mixing with the SM leptons. Consider the SM extended by a vector-like fermion E transforming under the SM gauge group as (1, 1) −1 , thus having quantum numbers of the right-handed electron. We assume E mixes with one of the SM charged leptons via Yukawa couplings. The part of the Lagrangian giving rise to the vector-like and SM lepton masses is given by
where l L = (ν L , L ), and could be electron, muon, or tau. The first term is the usual SM lepton Yukawa coupling. The second is a vector-like mass M E of the heavy fermion. The last term leads to a mixing between the vector-like and the SM lepton after electroweak symmetry breaking. We assume Y v M E and yv M E , in which case the lepton mass eigenstates of the mass matrix can be worked out perturbatively in v. To diagonalize the mass matrix we make the rotation
where the mixing angles are
Thus, at the leading order, only left-handed charged leptons mix with the vector-like lepton. The mass of the heavy lepton is approximately M E , and the mass of the SM lepton is approximately
Because E L and L have different quantum numbers under the EW group, the mixing affects the lepton couplings to W and Z. At the leading order one obtains non-diagonal lepton couplings to W and Z bosons,
These couplings allow the heavy lepton to decay as E → Z or as E → W ν, and we assume here that E has no other decay channels. For M E close to m Z the branching fractions strongly depend on M E (due to the phase space suppression), and Br(E → Z ) varies between 10% and 25% for M E between 100 and 125 GeV. The Higgs boson also obtains non-diagonal couplings to the leptons:
At the end of the day, for m Z < M E < m h , the Higgs boson can cascade decay as
The mass of the heavy lepton is constrained by direct LEP-2 searches M E 103 GeV [32] . So far the LHC experiments have not provided new limits on M E , while a recast of generic multilepton searches [33] concluded that and SU(2) singlet E with M E in the 100 GeV ballpark is not excluded [34] . Furthermore, the mixing angle α L is constrained by electroweak precision tests. At the second-order in v the couplings of the SM left-handed charged leptons to W and Z are modified as
The precise constraint on α L somewhat depends on whether E mixes with e, µ, or τ . Using the electroweak precision measurements from LEP-1 and SLC [25] and the recent W mass measurements [26] we find the following 95% CL limits:
For a given M E this translates into upper limits on the Yukawa coupling Y , and in consequence into upper limits on Br(h → E ). The maximum allowed branching fractions in the electron, muon and tau channels are shown in the left panel of Fig. 3 . These limits turn out to be weak enough to allow an observable signal in the golden channel. In fact, the limits on additional width in the golden channel in Eq. (1) already exclude a sizable chunk of otherwise viable parameter space. We conclude that vector-like leptons with mass M E 125 GeV can be meaningfully probed by exotic Higgs decays.
Methods
We are interested in estimating the potential of LHC Higgs searches in the 4-lepton final state to constrain or discover exotic Higgs decays in the models described in Section 2. To distinguish the SM h → ZZ * → 4 decays from those involving a new hidden photon or heavy fermion, The maximum branching fraction for h → E decays allowed by electroweak precision constraints for = e (blue), = µ (red), and = τ (green), as a function of the E mass. The dashed lines indicate the current upper limits on Br(h → E ) from the observed h → 4 lepton event rate for = e (blue), and = µ (red). Right:
The allowed parameter space in the mass-mixing angle plane for a vector-like SU(2) singlet fermion E mixing with the SM muon. The yellow and orange areas are excluded respectively by direct LEP-2 searches and by electroweak precision constraints. The red mesh area is excluded by the observed h → 4 event rate (assuming the Higgs couplings to the SM are not modified).
we employ a simplified likelihood analysis following closely the procedure used in Ref. [35] and described in more detail in [36, 37] . The h → 4 channel has a good signal-to-background ratio in the signal region m 4 ≈ m h , and is very well discriminated from the backgrounds due to the different shapes in the distributions of the various observables [38] . Of course, ideally one would include the dominant→ 4 background as well in the discriminator in order to make a precise statement about the sensitivity. However, recent studies [21, 22, 38] indicate that the effects of including the background should be small enough that for the present purposes considering the signal only is sufficient. The starting point for our analysis is an analytic expression for the fully differential h → 2e2µ decay width. In the models we consider the decay amplitude receive interfering contributions from the h → ZZ * → 2e2µ diagram and from diagrams with an intermediate hidden photon or a vector-like charged fermion. We use it to build the probability density function (pdf )
Here M 1 , M 2 are the invariant masses of the opposite-sign same-flavor lepton pairs, and the decay angles Ω = (Θ, cos θ 1 , cos θ 2 , Φ 1 , Φ) are defined in [22] . The λ represent the parameters of the models to be considered. To compute the matrix element in the hidden photon model we modify the results of [38] to include the new gauge boson contribution. The matrix element in the vectorlike lepton model is computed in the FeynArts/FormCalc framework [39] using a custom model exported from Feynrules [40] . In all cases the interference between the new physics process and the SM is included. Throughout we fix the Higgs boson mass as m h = 125.6 GeV.
With the pdfs at hand we can write the likelihood of obtaining a particular data set containing N events as,
where O = (m 2 h , M 1 , M 2 , Ω). We then construct a simple hypothesis test [41] where as our test statistic we use the log likelihood ratio defined as,
To estimate the expected significance of discriminating between two different hypotheses, we take one hypothesis as true, say λ 1 and generate a set of N λ 1 events. We then construct Λ for a large number of pseudo-experiments each containing N events in order to obtain a distribution for Λ. We repeat this exercise taking λ 2 to be true and obtain a different distribution for Λ. With the two distributions for Λ in hand we can compute an approximate significance by denoting the distribution with negative mean as f and the distribution with positive mean as g and finding a valueΛ such that
We then interpret this probability as a one sided Gaussian p-value, which can be used to compute the expected significance for discriminating between hypotheses (see [35] for more details). For a simple hypothesis test, this Gaussian approximation is often sufficient [41] . This procedure is repeated many times for a range of numbers of events N to obtain a significance as a function of N for each hypothesis. In our simplified framework we have also neglected any detector or production effects, but these effects are small and are not needed for the level of precision we aim for in this study [21, 22] . For the particular models considered here, λ corresponds to the mass of the new particle and the model parameters determining their coupling to the Higgs and leptons. Specifically, for the hidden photon model λ = (m X , , 2 , 3 ), and for the vector-like lepton model λ = (M E , Y ). Our aim is to estimate whether the golden channel can probe the parameter space of these models that is not excluded by precision tests and direct searches. Various hypothesis tests to this end are conducted in the following section.
Results
In this section we present our results concerning the sensitivity of the golden channel to exotic Higgs decays for the models described in Section 2. To this end we pick a number of benchmarks point near the boundary of the parameter space region allowed by current constraints. We employ the matrix element approach described in Section 3, where in our hypothesis tests we always compare our new physics model to the SM. For a given number N of events in the h → 2e2µ channel we perform 1000−10000 pseudo-experiments to estimate the discriminating power between the SM and hidden photon mediated Higgs decays. We repeat this procedure over a range of N to obtain an estimate for the discriminating power as a function of number of events. For these pseudoexperiments we use the full available information contained in the differential distribution of the 4-lepton final state except for the total integrated event rate -we refer to this as shape observables. The motivation for separating the total rate is that it is less robust as a discriminator, as it can be affected by physics that has nothing to do with exotic decays, for example by modification of the effective Higgs coupling to gluons. We find that the discriminating power between the pure SM and hidden photon hypotheses comes mostly from M 1 and M 2 distributions, whereas angular variables add some discriminating power only in the extended hidden photon model of Eq. (11) . On the other hand, angular variables are important for separating the signal from the non-Higgs SM background. For a number of benchmark points we also show the results of combining the shape and the total rate observables. To reduce computing time, for large N we simply extrapolate our results obtained at lower N assuming the significance grows as √ N . With these tools, we estimate the number of h → 2e2µ events required to exclude our benchmark points at a given confidence level. Although we do not perform simulations in the h → 4µ and h → 4e channels we expect that, after combining all 4-lepton channels, the sensitivity will correspond roughly to doubling the number of h → 2e2µ events. To translate between the number of events and the LHC luminosity we assume the 27% efficiency of reconstructing 4-lepton Higgs decays (the one in CMS in the LHC run-I [18] ). Thus, for example, 300 fb −1 at 14 TeV LHC corresponds to roughly 275 h → 2e2µ and 600 h → 4 expected events, where we take σ(pp → h) ≈ 56 pb, and Br(h → 4 ) = 1.3 × 10 −4 [19] . Table 1 : Left: benchmarks point for the hidden photon model. The 4-lepton event rate relative to the SM one R = Γ(h→4 ) Γ(h→4 ) SM was computed using MadGraph 5 [42] after imposing the standard CMS cuts: p T, > 10 GeV, |η | < 2.5, and M 1 > 50 GeV, M 2 > 12 GeV for opposite-sign, sameflavor lepton pairs. For the m X = 10 GeV benchmark a weaker cut M 2 > 5 GeV is used, as the standard one cuts away most of the signal. For the benchmarks with non-zero 2 or 3 the rate includes the contribution of diagrams with an intermediate off-shell photon. Right: the same for the vector-like lepton mixing with the SM muon.
We start with the vanilla version of the hidden photon model that corresponds to setting 2 = 3 = 0 in Eq. (11). 3 We fix = 10 −2 for all benchmarks and consider several values of the hidden photon masses in the range 10-60 GeV. The benchmark points we studied are summarized in Table 1 and our results concerning the LHC sensitivity are shown in Fig. 4 . It is worth noting that for these points the total h → 4 rate is enhanced merely by a few percent compared to the SM. As this is within the uncertainty on the SM Higgs production cross section, the total rate information is not useful to discriminate between the SM and new physics in this case. Nevertheless, taking advantage of the full kinematic information contained in the 4-lepton event leads to a good sensitivity to new physics. We find that the parameter space of the hidden photon model allowed by electroweak precision observables can be probed already in the coming Run-II of the LHC. In particular, assuming 300 fb −1 at 14 TeV will be collected, m X in the range 15-65 GeV can be probed for near the boundary of the region allowed by precision observables. Further increase in sensitivity can be obtained in the high-luminosity phase of the LHC (assuming −1 at 14 TeV) or in the future 100 TeV collider. In particular, the reach can be extended 4 down to m X = 10 GeV, below which the strong bounds on the kinetic mixing from B-factories make it difficult to probe the simplest hidden photon model in high-energy colliders. Note that the case with m X + m Z > m h , where the strictly 2-body decay h → ZX is forbidden, can also be probed to some extent. In this case, the kinematic suppression due to the Z boson being strongly off-shell is partially offset by the fact that the hZX coupling increases with m X . On the other hand, for m X approaching m Z the electroweak precision bounds on become stronger (that's why for the benchmark point with m X = 60 GeV we had to choose a slightly smaller value of ). For this reason, in the allowed parameter space, the new physics corrections in the h → 4 channel quickly become unobservable for m X 70 GeV. Finally, we estimate the reach in the kinetic mixing parameter: at the most favorable hidden photon mass m X ≈ 30 GeV the high-luminosity LHC will be able to exclude down to 0.007. The bottom line is that the LHC is capable of exploring new interesting regions of the parameter space, even in the simplest version of the hidden photon model. The next step is to go beyond the simplest hidden photon model and to allow 2 = 0 and or 3 = 0 in Eq. (11) . As explained previously, this extended model allows us to increase new physics corrections to the h → 4 rate, which greatly improves the sensitivity at the LHC. In fact, the strongest constraints on this model are currently provided by the LHC Higgs measurements, in particular for m X = 30 GeV we find 2 0.015, 3 0.02. In the left panel of Fig. 5 we show the results for a couple of scenarios with m X = 30 GeV. Our benchmark points are chosen such that the h → 4 rate is significantly enhanced, by 20-30%, which is not far from the current upper limit. For this reason the rate information alone should be enough to exclude these scenarios at the LHC run-II. Taking advantage of the shape information further improves the sensitivity. We find that also in this case the shape information has a much stronger discriminating power, as can be clearly seen in the right panel of Fig. 5 . Combining the two, the LHC experiments should be able to comfortably exclude 5 our two benchmarks already after the first year of the coming LHC run.
We note that the discriminating power is increased thanks to the hXγ couplings present in the extended model, see Eq. (13) . This is partly due to the fact the diagrams with an off-shell photon increase the new physics contribution to the h → 4 rate. But on top off that the the photon contributions lead to larger shape differences with respect to the SM, primarily in the invariant mass distributions. See [23] for a study of this effect in a different context. Another consequence of the hXγ coupling is that the LHC is sensitive to larger values of m X which would be kinematically suppressed if only hZX couplings were present. This allows the golden channel to probe a larger range of hidden photon masses than might be naively expected, even up to m X ∼ 100 GeV. Finally, we point out that the golden channel is sensitive not only to the magnitude but also to the signs of 2 and 3 relative to that of . Indeed, we find that for the parameter space regions where there is sensitivity to exotic Higgs decays we can discriminate between the positive and negative 2 or 3 hypotheses. The final exotic Higgs scenario we study here is the vector-like lepton mixing with the SM muon. The benchmarks points we analyzed are summarized in Table 1 , and the results are shown in Fig. 6 . We find that in this case the LHC sensitivity is much weaker than in the hidden photon case if only the shape observables are used, see the left panel of Fig. 6 . We also see that the sensitivity quickly decreases as the mass M E approaches the Higgs boson mass. One reason is that Br(h → Eµ) gets kinematically suppressed for M E ≈ m h . On top of that, the muon emitted in the h → Eµ decay is very soft, therefore it often does not pass experimental cuts. Finally, the differential spectrum is much more similar to the SM case than in the hidden photon model. All in all, discriminating the vector-like lepton model using shape observables and standard CMS cuts is possible only when large statistics is accumulated, and only in the narrow mass window 103 GeV ≤ m E 115 GeV. The sensitivity may be improved though by applying additional cuts that target this specific model. In particular, the invariant mass of the 3 leptons coming from E decay should reconstruct to M E . The combinatorial background can be reduced by constructing m 3 out of the 3 hardest leptons in the event, since the muon from h → Eµ decay is typically soft. On the other hand, the total event rate is in this case a much stronger discriminator, as shown in the right panel of Fig. 6 . Thus, by simply counting the number of events in the 2e2µ and 4µ channels, we can explore new regions of the M E -α L parameter space for 103 GeV ≤ m E 115 GeV. In particular, for m E = 103 GeV we estimate the LHC experiments can probe α L down to ∼ 0.007. Observing an excess of 4µ and 2e2µ events would be a motivation to apply model-specific cuts, to isolate the vector-like lepton signal. Similar comments apply to a vector-like lepton mixing with the SM electron, except that then an excess is expected in the 4e and 2e2µ channels. Finally, we note E could mix predominantly with the τ lepton, which is in fact the most natural possibility from the point of view of models where vector-like leptons play a role in generating the SM fermion mass hierarchies. Thus, exploring also the 2 2τ final state would be advantageous in this context. labeled by the values of (ME, αL). The dots indicate the results obtained by conducting pseudo-experiments which are then extrapolated to larger N assuming the significance grows as √ N . Right: Comparison of the discrimination power using the shape (dashed), rate (dotted), and combined shape+rate information (solid) for the benchmark point with ME = 103 GeV, αL = 0.015.
Summary
In this paper we studied the prospects of constraining exotic Higgs decays using the 4-lepton final state. We picked two scenarios of more general interest: a hidden photon mixing with the SM via the hypercharge portal, and a vector-like charged lepton mixing with one of the SM leptons via Yukawa interactions. Using the rate information only, the LHC run-II is sensitive to exotic decays if the new contributions to the total h → 4 rate are larger than 10% of the SM rate. This is possible to arrange in the vector-like lepton scenario, and also in the non-minimal hidden photon scenario in the presence of direct Higgs interactions with the hidden sector. The main point of this paper is to argue that taking advantage of the full information contained in the differential distribution of the 4-lepton final state dramatically improves the LHC sensitivity. To extract that information, we employed the matrix element methods previously developed in the context of measuring the coupling strength and the tensor structure of Higgs interactions with the SM gauge fields. These methods can be carried over to our case in a straightforward way, as exotic Higgs decays may readily affect the shape of the 4-lepton differential distribution. The shape information is essential in constraining the minimal version of the hidden photon model, where corrections to the total h → 4 are not expected to exceed a few percent. We find that for the hidden photon masses between 15 and 65 GeV the run-II of the LHC will be able to probe a new parameter space of the hidden photon model that is currently allowed by all precision constraints. Likewise, in the non-minimal hidden photon scenario, the shape information allows one to significantly improve the sensitivity such that large chunks of the allowed parameter space can be explored already in the first year of the upcoming LHC run.
